A yeast strain was isolated from olive brines in a fermented black olive and olive oil manufacturing plant in the town of Nyons (France). On the basis of domains 1 and 2 (D1/D2) large subunit (LSU) rRNA gene and internal transcribed spacer (ITS) region sequence analyses, the strain CLIB 1303
The genus Citeromyces Santa María 1957 was established on the basis of a single species, Citeromyces matritensis Santa María, which was originally described as Hansenula matritensis Santa María 1956. The original strains of C. matritensis were isolated from fermenting fruit in syrup in Spain (Kurtzman, 2011) . More recently, two additional novel species have been described. Citeromyces siamensis (Nagatsuka et al., 2002) , which was isolated in Thailand from dry salted squid and fermented soybeans, and Citeromyces hawaiiensis (Kurtzman, 2012) , which was isolated from flux of sandalwood (Myoporum sandwicense) and adjacent soil in Hawaii, USA. Kurtzman (2012) has delimited the genus Citeromyces to three species C. matritensis, C siamensis and C hawaiiensis. On the basis of a multigene sequence analysis including domains 1 and 2 of the nuclear large subunit (D1/D2 LSU) and internal transcribed spacer (ITS) rRNA gene sequences as well as translation elongation factor-1a (EF1-a) and mitochondrial small-subunit rRNA gene (mtSSU), we showed that the strain CLIB 1303
T is clearly distinct from the three other species of the genus Citeromyces with validly published names. Black olives (La Tanche variety) fermented in brine (10 kg buckets) were obtained from the Coopérative du Nyonsais (Nyons, France). Yeast strains were isolated as described previously (Coton et al., 2006) . Briefly, 10 g olives taken from several fruits were added to 10 ml brine and 80 ml tryptone salt (TS) (AES) and homogenized in a Mix-1 stomacher blender (AES). A series of 10-fold dilutions in TS were performed. Aliquots of the appropriate dilutions were plated on YGC agar medium (AES) with 6.5 % NaCl. After 3-5 days at 30 u C, each morphological yeast type observed on YGC plates was analysed. Routinely, cells were grown in YPD medium (1 % yeast extract, 1 % peptone, 1 % glucose) at 28 uC, with shaking. Morphological observations and metabolic tests comprising the standard description of yeasts were performed according to established methods (Barnett et al., 2000; Yarrow, 1998) . Sugar fermentation was carried out on medium containing 0.5 % yeast extract and 1 % of each sugar tested, in Durham tubes. The ID 32 system and the API 50 CH (bioMérieux) were used to assess growth on various carbon sources after incubation at 28 u C for 2 days. Growth on various nitrogen sources was assessed on yeast carbon base minimal medium (Difco) supplemented with 1 % standard nitrogen sources (van der Walt & Yarrow, 1984) . Sporulation capacity was assessed on malt agar after incubation for 15 days at 25 u C. The Dalmau test was carried out on cornmeal agar (Becton Dickinson), for two weeks, at 28 u C. Morphological properties were studied under a Laborlux S light microscope (Leica Microsystems) coupled to a digital camera.
Genomic DNA was extracted as described by Hoffman & Winston (1987) . Each PCR was performed in a final reaction mixture of 25 ml containing between 25 and 50 ng of genomic DNA, 0.8 mM dNTPs, 0.4 mM forward and reverse primers in the recommended buffer and 1 U Takara ExTaq. The D1/D2 domain of the LSU rRNA gene was amplified with primers NL1 (59-GCATATCAATA-AGCGGAGGAA) and NL4 (59-GGTCCGTGTTTCAAG-ACGG) (O'Donnell, 1993) , the ITS region was amplified with primers ITS1 (59-TCCGTAGGTGAACCTGCGG) and ITS4 (59-TCCTCCGCTTATTGATATGC) (White et al., 1990) , the mtSSU gene was amplified with primers MS1 (59-CAGCAGTCAAGAATATTAGTCAATG) and MS2 (59-GCGGATTATCGA ATTAAATAAC) (White et al., 1990) and EF-1a parts 1 and 2 were amplified, respectively, with YTEF-1 (59-GGTCACTTGATTTACAAGTGTGGTGG) and YTEF-6AR (59-GGTABTCRSTGAARGYYTCAACRGACA) and with EF1-983F (59-GCYCCYGGHCAYCGTGAYTTY) and EF-2218R (59-ATGACACCRACRGCRACRGTYTG) (Kurtzman et al., 2008) . Amplification reactions were run on a 2720 thermal cycler (Applied Biosystems) as follows: 4 min at 94 u C, followed by 30 cycles of 30 s at 94 u C, 40 s at the annealing temperature (54 u C for the D1/D2 domains, 48 u C for the ITS region, 40 u C for the mtSSU rRNA gene, 50 u C and 52 u C for EF1-a part 1 and part 2, respectively) and 30 s to 1 min at 72 uC, with a final extension step of 7 min at 72 u C. PCR products were separated by electrophoresis in 1 % agarose gels. PCR fragments were sequenced on both strands by Eurofins MWG Operon (Ebersberg, Germany). Sequences were assembled with the phred/phrap/ consed package. Sequences were analysed with various programs including BLAST implemented at NCBI (http:// www.ncbi.nlm.nih.gov). Sequences from various type strains were recovered and concatenated using YeastIP (Weiss et al., 2013) . Sequence alignments were generated using ClustalX2 (Larkin et al., 2007) and were adjusted manually. Phylogenetic trees were reconstructed with the neighbour-joining and maximum-likelihood programs implemented in MEGA5 (Tamura et al., 2011) and visualized with NJPlot (Perrière & Gouy, 1996) .
Sequence analysis and delineation of the novel species D1/D2 LSU rRNA sequence comparisons between strain CLIB 1303 T and the type strains of the three described species of the genus Citeromyces showed six mismatches over 575 bp with C. siamensis, seven mismatches over 575 bp with C. matritensis and 12 mismatches over 567 bp with C. hawaiiensis. For the ITS region sequences, strain CLIB 1303
T exhibited 26 mismatches and 11 indels over 618 bp with C. matritensis, 21 mismatches and 12 indels over 461 bp with C. hawaiiensis and 52 mismatches and 79 indels over 621 bp with C. siamensis. Kurtzman (2012) indicated that the substitutions : indels ratio in ITS versus D1/D2 LSU rRNA was surprisingly high in the three species of the genus Citeromyces when compared with other species. For strain CLIB 1303 T , the ITS sequence had a fivefold increase in substitutions : indels over the D1/D2 LSU rRNA sequence when compared with C. matritensis. This ratio reached six when strain CLIB 1303
T and the type strain of C. hawaiiensis were compared and 21 when strain CLIB 1303
T and the type strain of C. siamensis were compared. With strain CLIB 1303 T , we confirmed and even extended the original observation by Kurtzman (2012) in which the substitutions : indels ratio in ITS versus D1/D2 LSU rRNA was higher in the genus Citeromyces than in other clades.
EF1-a and mtSSU rRNA sequences were determined for strain CLIB 1303 T . We found 24, 35 and 54 substitutions when the 891 bp EF1-a sequence of strain CLIB 1303
T was compared with that of C. matritensis, C. hawaiiensis and C. siamensis, respectively. Sequence divergence between these species amounted to 2-6 %; these results are similar to the 2.6-7.9 % divergence observed when the C. matritensis, C. hawaiiensis and C. siamensis EF1-a sequences were compared (Kurtzman, 2012) . Strain CLIB 1303
T mtSSU rRNA sequence carried a 24 bp insertion compared with the three type strains of the genus Citeromyces. It also displayed 10, 25 and 33 substitutions when compared with C. matritensis, C. hawaiiensis and C. siamensis. A large number of indels were found between strain CLIB 1303 T and the other type strains of species of the genus Citeromyces. The ITS region was the most discriminating sequence among the usual sequences used in this study for species delineation. ITS sequence divergence between the most closely related strains in this study, namely strain CLIB 1308 T and C. matritensis type strain, was observed to be 4.2 % when only substitutions were considered. This figure reached 8.3 % for the most divergent strains (CBS 1308 T and C. siamensis CBS 9153 T ). Our results are in agreement with the observed superior species resolution for ITS sequences in comparison to the other most commonly used markers (Schoch et al., 2012 ).
On the basis of the sequence divergence in the D1/D2 LSU and ITS rRNA genes, EF1-a and mtSSU regions, we propose that strain CLIB 1303 T represents a novel species named Citeromyces nyonsensis sp. nov.
The phylogenetic placement of this novel species was determined after concatenation of the D1/D2 LSU rRNA, mtSSU rRNA and EF1-a sequences. Identical results were obtained with maximum-likelihood and neighbour-joining analyses using the Kimura two-parameter correction. The tree presented in Fig. 1 
Determination of physiological characteristics
Interestingly, three of the four species of the genus Citeromyces have been found in association with food fermentations. Members of the genus Citeromyces can be morphologically characterized on the basis of formation of asci that are persistent and contain one to two roughened spherical ascospores (Nagatsuka et al., 2002) . C. nyonsensis sp. nov. CLIB 1303 T also produces one persistent, spherical ascospore per ascus which, unlike the other members of the genus Citeromyces, does not have a rough wall (Fig. 2) . Phenotypically and morphogenetically, the three previously described species of the genus Citeromyces are difficult to distinguish; this is also the case with C. nyonsensis sp. nov. CLIB 1303 T . Unlike C. siamensis, the only species of the genus Citeromyces able to grow at 37 uC, C. nyonsensis sp. nov. CLIB 1303
T cannot grow at this temperature. Few differences were observed by Kurtzman (2012) based on their ability to assimilate four carbon sources. Differences in use of L-sorbose, arabinose, ribitol and 5-keto-D-gluconate were noted between the described species of the genus Citeromyces. C. nyonsensis sp. nov. CLIB 1303
T was able to grow on L-sorbose and 5-keto-D-gluconate, but not on ribitol or arabinose (Table 1 ). The combination of the above-mentioned characters distinguished C. nyonsensis sp.
nov. CLIB 1303
T from C. siamensis and C. hawaiiensis. However, strain CLIB 1303 T could not be distinguished from strains of C. matritensis for any of these phenotypic traits, consistent with the fact that C. matritensis and C. nyonensis sp. nov. are the closest phylogenetic neighbours. Among these yeasts, C. nyonsensis sp. nov. CLIB 1303 T is the only one unable to assimilate trehalose.
The combination of phenotypic, morphological and molecular data gives strength to the assertions by Kurtzman (2012) in which the genus Citeromyces displays reduced phenotypic differentiation between species which is not reflected at the level of the genome sequence.
Latin diagnosis of Citeromyces nyonsensis
Casaregola, Jacques, M. Coton & E. Coton sp. nov.
Cultura in agaro YPD post dies 2 ad 28 u C, butyrosa, cremea. Cellulae globosae (8-10 mm), singulae vel binae. Hyphae et pseudohyphae absunt. Asci nonconjugate. Habentes 1 ascospora globosae, non liberas. Maxima temperature crescentiae: 35 u C. Glucosum, maltosum et raffinosum fermentantur. Cellobiosum, galactosum, lactosum, melezitosum, melibiosum et trehalosum non fermentantur. Glucosum, D-fructosum, Dgluconatum, maltosum, mannosum, a-methylum-D-glucosidum, sorbosum, raffinosum, D-turanosum, sucrosum (exigue), After 2 days at 28 u C on YPD agar, the streak is butyrous, matt and cream coloured. Cells are globose (8-10 mm) and occur singly, in pairs and in small clusters (Fig. 2) The type strain, which was isolated from olive brines, has been deposited at the CIRM-Levures, Thiverval-Grignon, France as CLIB 1303 T and Centraal Bureau voor Schimmelcultures (CBS), Utrecht, the Netherlands as CBS 12700 T . Table 1 . Growth patterns on five carbon sources for the four species belonging to the genus Citeromyces Taxa: 1, C. hawaiiensis; 2, C. matritensis; 3, C. siamensis; 4, C. nyonsensis sp. nov. The data are from Nagatsuka et al. (2002) , Kurtzman (2011) and Kurtzman (2012) . +, Positive; 2, negative; V, variable. 
